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INTRODUCTION TO THE UNIT 
THf: ENEROY CHALLENGE 



Stucleius ^vill he: contVonrcJ in this iuiir h)' the fact that wc con Mil lu: niore energy per 
capita ill rht! Unirc*d Staci^s lo pursue our culturuh indusrritil, and cconamic Hvcs than 
citizens in any other counity in the \\arh!. Students will discover that the United Stiites, 
\\'irh apprti^inuitcly 7 percent of the warhJ's popuhition, annually mcs over 3 5 percent of 
the rota 1 energy produced in the world. 

An eNCrij;)/ crisis concept is prcsciued foi' Ktiulents in the Preface to the Student Resource 
Bf)okki, which tells them that *'as Americans. , ,we are at a turning paint which wc have 
CiiHeii the energy crisis/' Identification is alse given to the studenrs uf these major areas 
wherein ^ood ^lecisicMi-niakinj; must take phice -;i.nc! ^oon: 



# Wc have fo know if wc can change 
the cori auctions diat exist between our 
styles of duily life and our growing de- 
niand^s for more energy. Will we freely 
choose smaller cars and mass transit, 
building designs that economize heat and 
light, and— if it is costly ==recy cling of all 
possible resources? 

# We have to know if our environment 
will be spoiled as we supply more and 
more energy to our population. Will we, 
or our descendants, have to live with air 
and vvarer pollution and with radioactive 
wastes in order satisfy the energ)^ de- 
mand? 



% We have to know it the United States 
can continue to be the biggest energy con- 
sumer on the international scene, Are we 
and developing nations around the w(5rUl 
going to he in real cnmperition to get and 
use the world's energy resources? 



0 And, finally, vvc have to know if 
each energy resource that wc arc now 
using can be more or less helpful to us in 
the future. Which old and which new re- 
sources can we salcly develop, and how 
much of a job can each one do for us? 



As the unit evoh^es, you can expect your students not only to acquire energy facts but 
also to express an interest in the human attitudes and values associated with the facts. 

The Guide provides you with methods and suggestions that will help you coordinate the 
components of this unit into a meaningful sequence of events for your class/Thc unit is 
composed of five sections; under the heading Making the Materials Work, Suggestions for 
the Teacher, you will observe that we have presented a treatment of the components to 
be used in a section in the same sequence that we suggest you use them. We recommend 
that you use the suggested sequence the first time you teach the unit and make any 
variations thereafter which you prefer. 

We have field-tested The Efwrgy Cballe?ige and represent it as a two week instructional 
unit w^hich can be used daily for about ten hours. How'ever, it is flexible enough for you 
to make whatever 'adaptations best suit your local class scheduling. Please note that 
suggested extension activities (Activity Cards 1 — 12) are identified and described at the 
end of each section for w^hich the extensions are appropriate activities. 
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S^iction I The Energy Consumor dvnnvs rm^ri^y niui cnusiinr'tioii nrul spec- 

ifier xVw, ways in which ciu'rjn/ can ineasurcti; in this section 
suukriis analyze tnc Crnmcs of a silent filn)stri|> in ordcM' to com- 
pH^luMul the nicuningsc>r work, power, and fuel. 

Section If Problems of Supply and Demand incrociiues srudents to the pat- 

terns of energy use in the Unii:cd States and cneourages serious 
considtrradon of i\w inel tKiency ot electric power production nnd 
trnnsniission. 



SeuiiUfi ill Evaluatiun of PruyoiM; Sv.Hrret)ti U*y<iju' ic^jnc toalj natural gas, 

and oil) precedes v.. critical appriii^al of' the United States' depen- 
tienee on foreign oil and a stuay of rhe controversial nuclear 
pcwer issue. 

Section IV Evaluation of New Sources (fusion, geothermal, wind, wastes, 

and ^oiar) is made through l;Doklei articles and the s^^cond I iloi- 
strip, as students prepare for the rule-playing activity of the next 
section. 



Section V Providing for the Futura is done through a mock Congressional 

liearing at which suidents participate as energy '-experts" and as 
members of a Congressional Committee on Energy Needs to 
dcterniinc the hcst ways to meet short-term and long-term energy 
needs in the United Stntcs, 



INSTRUCTIONAL OBJECTIVES 



The developers of Prioriiy One: Etiviwmmnt have recognized student input as e?s^ntial 
to structuring significant learning experiences. The materials in tnis unit. The I 'i^rgy 
Challenge, have been student and teacher^tested in the development stages. Tha eiuca' 
tional objectives of the unit, as specified below, are correlated with a twenty question 
multiple choice test. It has been provided for your use on two of the Ecomssters. An- 
swers to the test appear on page 28 of this Guide. 

We recommend that you administer the unit test to each of your students before and 
after using this unit so that you can measure the growth in learning that the field^testing 
of each Priority One unit has shown to take place. Further inquiry concerning evaluation 
procedures and designs can be made directly to the Pollution Control Education Center, 
Union Township Board of Education, Union, Nesv Jersey, 

At The end of this unit, the student will be able to: 

T State one way in which foods and fuels are similar, and oneway in wliich foods and 
fuels are different. 



2. Lint tlu? f^norny !/>nrf;#):; \\M\t hvu umi\ in ilin Utiifiid ni^sM^n fjncli day niui spf]f:ify hnw 
itiucti of \\m) tnu\\ {\ :nv\fn\ Od(:h *;Uip|>lifM», 

3, Idonfify tho nuijf)f if nncir iiMi in whit;!! OfUHfiy is usfKl in Hh? Unitod Si.iios iofhiy. 

4. Eslifruitu liiuuwn ciMirqy canaitfiption for *i typicejl chjy. 

5. Givu two ro^inon:* for tlin incmaiiuK] confuiniplion of ofiffrgy in the Unitucl Hintnr;. 

6. Bnilfl a mndnl gnfiora lor .irul/ar cxfiloin how iin oloctric tjonurntor [)rQduc(j!i oluctr ic 

ity. 

7, Gmi til Innsi Iwo uxinnnl^^'i of hnw onnrnv i'^ Inst wlujn it is noovfM j from ono fotfn 
into another, 

8, Noniu three Wfiys tluii {HiBryy =;;jm hu confiurvod in lrai}r,port(ition. 

9, N(]nio two ways th^U t^nergy can he conservod in industry. 

10. Expl^iin wliy fluoret^caiit liyruinq 1^^ rriorc officiont than incanclcGCcnt hrjhtinq, 

11. Explain how the roof of a houfju can save energy. 

12. Calculate which cars conBumt^ the least anriount of gasoilne, 

13. Give two reasons why coal supplied 70 percent of the energy demand of the United 
States in 1900 and only 18 percent in 1975. 

14. Give two reasons why the Unitfid States has been dependent on fornign oil. 

15. Describe how a nuclear reactor can produce electricity, 

16. Name one advantage and one disadvantage to devoloping the nuclear option. 

17. List and evaluate at least three new sources of energy In terms of environmental 
impact, technology, potential supply, and costs. 

18. Evaluate the energy potential of ti wind-powered generator in a specific region. 

19. Describe how geothermal energy can be tapped, 

20. Explain how the use of fuel cells could increase the efficiency of transmitting eleC' 
tricity. 
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;;[;(: rioiM i (m-; knehgy consuivilr 

rocus 

In (his srni..;itlir miulciiis will Umi „ how itiipornini vncrny is to ilum us liviiij; <)i|nnnsin.v 
Mii.l ,.s nicinlias ol our sodciy, I lu-y will discover th;u nu-rgy consitDiinion "is not only 
iKTi'ssiry in .,r,k-i lor than to rcrniiin ;ilivc, but also in oi'dit to niakc- their lives ninrc 
iiifamnglul rnjnyablc. You uuyM< vtmMr.^iix your siudcntH xn vviul ihc PrvfacK to the 
liiitt lornioiiviiri.MKil pmpnscs ;i .lay »r tun hclorc vr)U hcgui your prcscntution. 

Ilu- nrsi iriidr ui llic HuhIcm Ki-iiurcc HocikicI poiiusour lu ih. srudfiil that he- 
iciiuiics nu-rj:v to liu'l his body's siriy trillion a;'l.s t;vt.-iy day of his life. Worksheet 1 
then in< <dvr. I„ni in analvsis of his nnai taniiinc daih- activities^ aiKdvsis ilKit will >h uum 
sir.iH- to hirn that lie consuines nuKh inorc eneq'.v rliaii is ropiircil to nicer his basie fooil 
iKTds, b|b,m,rii> I . Pan A aiul Worksheet 2 illustrate how the normal and routine tasks of 
liniii.in sannv acrount tor the 'reniendous nniounl of energy whieh we take from the 
eiH ironnu-Mf, ,Vlnst students are astounded to find out that the average Atneriean's daily 
energv' dcniaiHt, eonsuiering how energy serves hitii in the iionic, in transportation in 
iruiiistry, and in (^nmmeree, is about 23(),()()(j kiloenlories, Srudents also learn an vlu■r^v 
v<H',,hiiun y in this introdueiory seetion of the unit arid trace some eoinmon imrigy 



cniivt'isiiins. 



THE MATER lALS PROVIDED 



St u dent 
Bookht 


Audio^Visu*Tl Maturlals 


Ecomastar Activities 


Extonslon Activities 


Prflface to 
the Unit 

Foods^ Fuels 
and You 


Filmstrip 1, Part A 
(SilWFit Filmstrip) 


Worksheet 1 

Are You i\ Bin 
Energy Corisumer? 

Worksheet 2 

Energy in Action 


Activity Card 1 

How Electric is 
Your Home? 



MAKIIMG THE MATERIALS WORK, SUGGESTIONS FOR THE TEACHER 
Hookk't Article - l-'oods, Fuels, and You 

As the studentrs read this arriele, it will explain to rhem that l)oth foods and fuels arc 
potential forms of energy, It further identifies how energy is released, in what forms it 
can be released, nnd hosv much can be released. The term oxULuioii is presented and 
explained, The quantity of heat energy that is released from a sub.stance, the students 
sihouhl know, is measured in calories. I hey shouki also know that one calorie is the 
amount of cnergy-from an>' souree that is needed to raise the remperature of one gram 
ol svatcr oiic degree on the centigrade scale. Be sure they understand too that a kilocalo- 
rie, also referred to as ;i Calorie, is a commonly used energy term; it signifies one thou- 
sand calories, Kxplair: also that another common energv term has been derived from the 
liritish s>'steni of cktining energ>- values. In this system, heat energv is measured in 
B.T.U.'s, or British thermal units, A B.T.U. is the amount uf energy that is needed -from 
any source- ro rmsc the temperature of a pound of water one degree on rhe I'ahrenheit 
scale. 
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In rnsurt' rnniprelinision ol the ptnrirs made in ihc article, ytni c;;ni a^k Hiu^siions such its 



1 . Willi I is f)Xi{liifi(Ui? 

2. What \H n'spihiiioH? 

3. How are they cliffcrcni? 

4. How are they siiiiihir? 

5. What is the souret: of the energy flow 
on f)ur phinet? 

6. WliMt is the definirion of n cousNjNi'r? 
Worksheet 1 — Arc You a Big Kneigy Consuiiicr? 



Before tlistrihuting copies oi the first 
worksheet, encourage y^uur students to 
identify and descrihe as many forms and 
sources of energy as they can. As an oral 
listing evolves, write these categories on 
the chalkhoard, and ask the students to 
cluster the items they think of under 
these headings- ELECirUCAL, rilER^ 
MAL, MECHANICAh, LK;MI\ CIIKM^ 
ICAL, and NUCLEAR. 

After all responses have hecn ordered 
under the appropriate categories, you 
have an ideal situation for explaining that 
in most cases energy can be converted 
from one form into a neither. For instance, 
some mairrials glow when electric current 
is passed through them, M'hus, electrical 
energy can be converted into light energy. 
If you wish, at this point in the discussion 
you can draw an arrow on the chalkboard 
from ELECTRICAL to LIGH T. Solar cells 
generate electricity when light strikes 
them, as you next can point out; another 
arrow, therefore, can be drawn from 
LIGHT back to ELECTRICAL Explain 
dial many substances radiate heat when 
electricity is passed through them. Then, 
you can draw an arrow from EI^EC- 
TKICAL to THERMAL If you mention 
that devices such as thermopiles produce 
electricity when heated, you can draw 



another arrow from rflERMAL back to 
ELECrTRICAL. Continue in like manner 
with examples given by mem hers of the 
class, and make as many interconnections 
among the six categories as you feel 
will establish the fact th^it forms of energy 
are capable of convwion, (Notc^ In- 
formation on cimvcruon efficiency and 
on the pro hi ems of wa^t«c heat will rome 
later in the unit,) 

Hand out Worksheet L After the students 
have read the directiors -mil the example, 
have them fill in the chart: in class or for 
homework. Under the heading *'Type of 
Energy,'' the students can indicate either 
the form in which the energy is purchased 
or one of the six categories that you have 
just identified in class. For example, 
chemical energy in gasoline is converted 
into heat energy in the cylinders of an 
automobile engine and then converted 
into mechanical energy by the pistons. If 
the student indicates an energy use such 
as riding in a car, dth^r giAsaiine or chcm^ 
ical c}wrgy should appear m the column 
*'Typc of Energy/' Clarify the use of this 
worksheet for your ^itudents by stating 
whether they should indicace form of pur- 
chase or type of energy in this column. 



Yuu niiiy wish lo cxphuii In the students cunsitkreJ used, ^incc in no practical wny 
coiiccr iiing the coluiiin '^Amouni of cm il bk: collecrcd, recovered, eunvertcd, 
Kncrgy Used" iluu energy is not ever used or reu^i^uL 
up, in the sense thin it disappearN hum 

the universe, l)Ut th^it iiNing energy ean After completing the charts, have the sru' 
convert it into a Form rrom which no ad- dents unwcr the first follovy-up question 
dicioiKil work is available. For example, at the bottom of the page. Discuss the 
mmmiw may bake a cake in an oven. The w^ord ^we^^; it is very important. After this 
heat energy that causes the cake to bake is discussion, encourage the class to give the 
also dispersing and dissipating throughout secotid question serious thought, Do 
the rest of the room and the house. It is a many students want to redefine their 
situation such as this in which energy is needsP 

! ' i I n 1 s i r i j 1 1 , 1 'a r t A (Silent 1 m 1 m s t r i p ) arid Wci r k s Ii ec I 2 li nc r gy in A e t io n 1 n s t r u c i 1 1 1 c 
students to be as observant as possible during the shpsving (and possible re-showitig) of 
the filmstrip. Distribute uopies of the second worksho^M cither before you show the silent 
filmstrip, if you want to prime the students for the specifics to look for, or wait until 
after the first showing, if you prefer, 

Tfic nine items on Worksheet 2 structure an appraisal of the filrnstripj and more. Ques^ 
tions 8 and 9, for example, seed-in important energy considerations that will be further 
elaborated in the unit. Other considerations are as follows: Question 1 leads the students 
to realize that energy is what causes work to be done. Question 2 elicits opinions, and can 
serve to reinforce the rweds discussion from Worksheei: 1, Question 3 causes the students 
to name energy sources; you might want to encourage them to identify energy in eco- 
nomic terms, to state the forms in which it can be purchased. Question 4 indicates that 
the consumption of energy does not always result in work. 

When you are satisfied that the first four questions have produced adequate response, 
instruct the class to answer Questions 5 and 6. Do ihcy teally understand the differences 
and the similarities between foods and fuels? For Question 7g many students may not 
know that as growing adolescentSj they require from 2,500 to 3,000 calories daily . It may 
be interesting to them to contrast the number of food calories they consume to the 
average American's daily total energy demand of 230,000 C. 

(Note: For a more effective beginning of Section 11, assign Worksheet 3, The **Jeneration 
Jolt" before concluding this section,) 

Activity Card 1 = How Electric is Your Home? 

The students have probably heard comments at home concerning the increasing 
costs of energy to the consumer. This activity begins by telling the student that 
twenty=five percent of all the energy annually used iri the United States is for 
conversion into electric power. It then directs him to check both his family's electric 
bill and the number of major and minor appliances in his home. If several students 
elect to do this activity together, they will find it interesting to compare their 
kilowatt hour-computations with each other. They will, also discover that by far the 
two greatest uses of electricity in the home are for heating and cooling. 
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SECTION II PROBLEMS OF SUPPLY AND DEMAND 



FOCUS 

Vhe m^itcrials pnnMclcd tor (his scciiun tjf ilic iiiiiL will clarify lur your htiukius how and 
why the demand for I'tu-rj^y has Ikhti steadily \\\cvviis\n^ in the IJnilcd States, Sliiilcnis 
will he led to ecjnciude lliai die inereasing (lemand has been due to population growth, to 
pcnplc's drsire for eonvenience, and xo the incMficieni- even vvasreful eonsurnption of 
the energy sourees being tapped now. 

Worksheet 3, 1 he "Jeneradon Jult'' and the overliead trans|3arcneies entitled llovv luiergy 
Use Has Changed and Kncrgy V^) GrosyH in the U. S, should he used to introdiiee this 
section of the unit. The booklet artick^ l^lacknut in the City! %vi!l expose the students to a 
possible ctfect of our inereasing denianclN, a blackout. Worksheet 4 will eneourage them 
to di^ieuss the preveiuioti of real Ijhickuins in dieir i>wn coninuniities, Workshcei 5 :.;nK 
lures afi aciivity on how eleetrieity is generated. It also idenftfies some variables ihat can 
aUeci how much eleetrieity is produced i)y a gcneraior. 

d he section ends wirh an article and a worksheet on efficiency and a critical cvaluauon ot 
the tendency in this councry to go ''all electric,*' Activity (lards 2 through 8 are appropri^ 
ate extension activities for this sect:ion. Kncourage your studenis to make use ol these 
cards as enrichment activities for Individualized instruction, group work, or whole-class 
use. 



THE MATERiALS PROVIDED 
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Student 
BDoklot 


Audio Viguat Matoriels 


iaomaster Activities 


ixtension Activities 


Biaakout in 


Overhead TraniparenGy 


Worksheat 3 


Activity Card 2 


the City! 


How Energy Use Has 


The "Jerieration Jolt" 


Appliances: Making a 




Changed 




Wise Choice 


Gonsarvation 


Overheod Trnnsparenoy 


Worksheet 4 


Activity Card 3 


and Efficiency 


Energy Um Grows 


Blackout in the City! 


Which Cars Use More 




in the U, 


Can You Help? 


Gasoline? 




Ovnrhoad TransporonGy 


VVof ksheet 5 


Activity Card 4 




Loss of Energy by 


Building a GonDrator 


Incandescent vs. 




Conversion 




Fluorescent Lighting 






Worksheet 6 








The Switch to Electric 


Activity Card 5 






Power 


Can the Roof of a 








House Save Energy? 








Activity Card 6 








Survay Your Home 








insulation 








Activity Card 7 








Testing for Good 








Insulators 








Activity Card 8 








Designing a Turbine 








for Efficiency 
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MAKING i i lii MA TtiniAIJi WOIIK, SUGGCSTlOrMS POR THE TEACHER 



WfirksluMM 3 I hc " jrneraf ion Jolf ' 

Ask the snidt'iHH io rake our VVorkslirci 3 
nn(1 rhcir iinsw<Ts ffj thr (]iif'snt)ns on the 
vvffikd^ a:. 

Question I iticntifics their gcncraiiofi i\h 
thu hirgcst energy users yet, (Juesiicin 2 
ilescribes changing lil'e styles in America^ 
con com it ant with the increase in energy 
eoi!sumpn<Hi. Be reiuly Tur kinds (?(' 
answers to Ciuestion 3, I hc marr answers 
ynn get, the more the projeeted <-nergy 
demands on tliu graph will he sul)stan- 
tiated, Qucsrion 4 projects pt;pulniic)n 
growtli as a key taetor in the growing 
energy deninnds of f hr ftnure, 

When you get to Question 5, ask the stu- 
dents to cK]>lain llicir answers. You i night 
wish to start a diseussion hy asking 'is it 
fair that w^. use so rnueh energy?*' Ask die 



siudehts !o iniiigine how people in other 
eounrries look at America's energy use. If 
a student answers, **Ycs, it is fair because 
our country was blessed with many natur- 
al resourecs/' ask wliether that same logic 
woiild apply to the Arabs and their wealth 
of petroleum, 

N4uiii ()( (he energy use d in rfiis rnuntrv 
goes toward the comforts and hfe-siylcs 
of its citizens. Much energy is consumed 
in fho manufacture of goods and pro- 
duets. Ask the students to describe how 
people in other countries benefit from 
American goods and products, Discuss- 
I)o wc supply them with things which 
their own countries could notP Discussi 
Docs this justify, in part, our tremendous 
energy consumption? 



Overhead Transparencies — How linergy Use Has Changed— and— Energy Use Grows in the 
U. S. For the first visual, How Kncrgy Use lla?* Changed, be sure the students understand 
the focus of the chart. Point nut that population increase has already been mentioned as a 
reason for* increased energy cmands, Ihis chart presents consumption as it relates to a 
generation on a per person basis. Can the students give their own reasons to explain the 
increases that are shown on this graph? They should be able to zero in on increased 
technolojf)^ changes in lile styles, and increased creature comforts as largely responsible. 

As you show the second visual, Kncrgy Use Grows in the U. S., be sure Mie students 
understand that means 100,000 (a 1 with 5 zeros after it) and BT.U, means British 
Thennal Unit, specifically the amount of energy needed to raise the temperature of one 
pound ot water one degree on the Fahrenheit scale. 

When the points have been made that Americans are demanding ever larger amounts of 
energy and that electrical energy will probably constitute a great measure of those de- 
mands, the students arc ready to determine how those demands are being met and 
whether they will continue to be met. 

Booklet Article and VVorUsheet 4 — Biackout in the City! Can You Help? 

Siiggcst to the students that they imagine their city or town to be facing a blackout 
situation. Say that the news-paper articles on page 4 of their booklets have come from the 
local newspaper, Have the students read the articles to themselves. 
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One of the new^aper articles refers to a special rinycr'scomiTiitteethat has been set-up. 
Asyoia discuss that articlet hand out VVorksheet 4. Tlie students are to rolcf lay ^ 
ships on that committee and provide their o^n solationi to tiie problems presented by 
this particular blackout. When the class has coinplcteci Worksheet 4, wmmifmc their 
solutions on the chalkboard and have theni answer the questions under the clirts. They 
should come to the realisation that bUckout prevencionis the wisest^ although of icn the 
most difficulty path to puriue. 

The vvorksheet concludes with questions designed to aid the students in an invest igat ion 
of their own community, These questions will tequire research. It ii suggested, for ex- 
ample, that one or two interested students contact th« electric conipanf w^hicb serves 
your city or area. The students sliou ld be given a day or two to coiflplcte their m%i\- 
meats before reporting their findings to the dass. Questions 1 through 5 then maybe 
amwered from the student's report. 

With the threat of blackouts or brownouts (^'oltage reducrion^) looming OVM on t cities 
and towns* one might wonder why there is such ari increasing trend toward electrical 
energy as our major energy form. E?cplain to the students tliat some reasons for the 
increasing popularity of electricity might be these : 

1, The country is already ''w^iii *J " for it . 

2, All forms of ener0 can easily be cojiverted into clecoical ener^, It there^ 
fore becomes the common denortiinator cf the energy i^orld. 

3, Electric motors can be small and quiet, but powerful 

4, Many chemical and metal refining industries fe<iuire eleccricalenin>Ty", since 
no other form at present can itieeT their needs, 

5, Electricity is easily converted intoliglit and heat. 

The reasons above, however, must also be vievved in h^^htof the following drav^lnu-ks: 

1. Electrical energy cannot be stc3red in <iuantity. 

2. Electrical energy docs not occur natiirally in large niriouJits, AH ticctricfcty 
used by man must be generated, None is collected and tised as is. 

The first drawback will be overcome in part by the de^^elapnncnt of battery lechnology 
and by the research and development of a hydrcgen economy which willbc iliH*ysscTd in 
Section IV^ The second drawback has been rtiinimizcd by our capacity to generate dec- 
tricityon a large scale. Since electricity will play agrcaterrole in aur livcs.il iHini|mria!ii 
that these students investigate the generalic^n of electrical en<'rgy a?^ It coo %vill Uromc 
more and more important to them. 

Worksheet 5 =^ Building a (Jencratar 

In order for the students to urukTsfani.1 use Workslii'tM 5 at this point. If pci ssiblc, 

the priiiciplc behind the generation (>f the c:^peri menr described c^ti WiC)rk^liec^f 5 

electrical energy, it is suggested tbat yon ^bcTnild be condiK led by the ent ire cl ass. If 



you jannoi get enough equipnient, it 
could be conducted hy the tc^ichcr or by a 

When either the magnet or the wire coil 
are moved, the galviinonieter needle vvill 
lx» dcnt'cted, indieaiing ihiit *n cltictric 
tnirrent Ims been produced, i'he six steps 
of the procedure allow the students to lis- 
cover this and also to Jiscoiver tliati when 
the speed of the m^ignet, the stre*ngth of 
ihc magnet, ar the number of caiU is In- 
creased, there is a cQrrc-sin>iiding increase 
in the amount of ncecile deflection and, 
therefore, in the ainount of electricity be- 
ing produced, 

When the students h^ve collected their 
diiraj have thein anwer the questions on 
the worksheet, Que?s;ticm 1 asks the stU' 
dcnt^ to sunmmriEe the results of their 
invcstigatton, Quesfii:>n 2 retnznds thcsru' 
dents that they did not create energy, 
rhey sinipl)^ chan|?iHl its fortn (refer to 
energy convcrsiisn diagtani in their no*CK 
froni Section I), Que?£tian 3 allows the 
students to sec their tech iiiqii^ applied on 
a large scale. Indicate to thciu that b^^ 
turning the coil in ^ circle, r;ither tlian 
back and torth, thcv cm prtMiuce a con- 
tinuuus ilovv of cleetriciry^ Question 4 
may require you tn :insvver it, should the 
students be unable ii 



The question at this point is, *1s elcc- 
trieity our best bet?" When anelectrical 
^eiieialui convcitj* ^^oiuc foun ot tuoigy 
to elccrrical energy, is the conversion 
complete or is energy wasted? When we 
convert ele ctrical energy into anot her 
form, h the conversion complete or is 
there vvustc liete loo? 

Explain to the students that this transfor- 
nmiion of mechanical energy into elec- 
trical energy brings up a problem which 
occun wheiicver one type of energy h 
ronverted to another type/l he proLdcnn i^ 
that we cannot get all of one form of 
enerpy to convert into the desired other 
form. There is waste which in most cases 
can l>e niinimiwd, but not eliminated. For 
e^^ampk, in<atidcscent lights, many cljc* 
tronic dcvMcei. and electric motors give off 
heat while in operation. This heat repre- 
^nts waste caused by the process of con- 
version. 

Additional en^rg)' h lost during delivery . 
Also* inefficient in^iuhitor^, storm daniage, 
Isad splices, ishort circuits, and transformer 
hearing all take their toll and rob us of 
sortie of the electrical enerpv thnt cm Irs 
way to our hofues. 



Work^^hect 6 — The Switch to Kketric Power 



The efficiency of an operation is Jeter- 
mined hy comparing the resuhs of the 
operation against the energy used to 
aehiev^e the results. Worksheet 6 is ;in ex- 
ercise in which the stiident^s are »tsked to 
detcrniine the efficiency of electrical 
energy when it is used to hm\ water and 
to determine the efficiency of another 
form of energy (the eonrihu^tioti of natur- 
al gas) when it perfurms the saine opera- 
tion. Students then conipare the effi- 
cicncies of these two forms t)f energy 



llanci out VVorksheet 6 and discuss the 
uiestiotis on it with your students. Ques' 
tions I and 2 require examination of the 
illustrations on the worksheet, Qucstioti 3 
is important hecause it points out where 
energ)' is lost in each step or stage during 
conversion. C^uestlon 4 points out that th€ 
all -electric honie wastes much energy. 
Question 5 is an opiiiion question, Most 
power plants effectively control pollution, 
hut do wot re use waste heat. Question 6 
is iinother opinion question incorporating 
datii froni the worksheet with the siu- 
dents' knowledge of current leehnology. 



O^erliead Transpirtncy Loss of Energy by Conversion Be sure the students under' 
stand that niuch of the waste problein concerning all^lecrric homes (Question 4) is in the 
efficiency of the power planrs (Question 3), 1 hcrefore, a study of power plant efficiency 
is in order, A inodern fossil fuel electrical generating plants for example, often loses 60 
percent of the cheniical energy that is released from the fuel 

Cover the bottom of the tran^arcncy and have the students compare the amount of 
chcinical energy in the coal with the ainount of heat energy in the sceam. Show them how 
to compute the efficiency of the conversion by using the formula: 

energy out 

,^ J^ . X 1 00 = ef f icie ncy 

energy m " 

Uficover that part of the overhead which ^ows that the converiion of chemical energy to 
heat ener^ is 88 percent. This is the efficiency of the boiler. E?cpUin that 22 percem of 
the diemical energy is lost as heat through snioke stack (not shown) and lost as heat 
which radiates from the walls of the boiler. 



Using thesanie formula, have the students conipute the efficiency of the turbine to one 
decinnal place and round it off, When thty have completed this, uncover the part of the 
overhead which shows that the turbine is 47 percent efficiency Ask the students togiiess 
where the rest of energy escapes, For example^ '*Arethe wallsof the turbine or the coils 
un<lerfieath warm?''*'Why?" Have the students compute the efficiency of the generator to 
one decimal and round it off. When they are finished completely, uncover the overhead 
transpareiicy . Ask if the walls of the turbine will be as warm as the v^alls of the generator 
and why. Finally, the students may conipute the total efficiency of the plant. 

Bcxikkt Aftidc ^ Conservation and Efficiency 

Have the students read Booklet Article 3, Conservmtion and Efficiency, To determine 
student understanding, ask questions such as: 

How much energy is Itjst in an open fireplace^ Hew much m^r^y is hsi in a 
welt ilesigned Iwme ftdrmce? How much energy Is km in il\e Qverage fossif fuel 
e/cciftc power plaiit? How mtsch might this figure he changed? Wlmt Is a ioiai 
energy plant? What is its efficiency? How does recycting nwml and tmper 
tncreme efflcieney a/irf therefore conserve energy? 



Activity Card 2 — Applirtiice.^; Making a Wise Choice 

After the class has finished Woiksheet 2, The '^Jcneration Jolt," they will realize 
that their generation consiimcs much energy, **Since we require so much energy, are 
we doing our best to conserve it?" *'Do we waste it because it seenns so plentiful?" 
are some questions which might come up. This activity card, if used after Worksheet 
2, will help the students to realize chat some appliances sUch as air conditioners can 
1>€ designed to use energy conservatively or to waste it. It their responsibility to 
determine the difference and buy accordingly, 



Activity Card 5 -= Which Cars Use More Gasoline? 



The Booklet Article entitled Conservatioii and Efficiency recomniends poisible ways 
we Cim make our limited energy sources last longer. One suggestion is that we use 
smaller cars wth fewer electrical gimmicks and keep those cars running properly. 

Activity Card 4 — Inandescent vs, FluOTescent Lighting 

This activity is simple and graphic. The incandescent light bulbs will use mom 
electricity to generate heat than the fltiDrescent bulb. The waste heat represents an 
undesirable form of energy conversion and is inefficient. It is stiggeited that the 
students use white outdoor-type decorative lights and space thein equally over a 
distance a litde less than the length of the fluorescent light bulb. Each small outdoor 
light bulb has a wattage of 10, Read the wattage of the fluoreicent bulb and divide 
by 10 to determine the number of small incandescent bulbs to be uied. The use of 
one large incandescent bulb equal in wattage to the fluorescent btilb would cause the 
light and heat coming from it to be more concentrated and, therefore, drive the 
temperature of the water much higher than it should be, (Fluijrescent biilbs produce 
80 lumens of light for each watt of consumed power; incandescent biilbs produce 
20.) 

Activity Card 5 - Can the Roof of a House Save Energy? 

The roof of a house can do more than keep the rain out of the attic. It can save fuel 
used for heating in the winter and save electricity used for cooling in the sumnier. 
These savings can be achieved by proper choice of roof color, as this activity card 
denionsrrates. If you cannot obtain measuring cupSj use alurninurTi soda cans. The 
containers must be of aluininum , the thermometers must be located in the center of 
the container^ and all openings m\xm be sealed in order to keep the heated air within 
from escaping. You can use masking tape as a sealer, 

Activit)^ Card 6 — Survey Your Home Insulation 

A potential savings of 15 to 30 percent on home heatingfuel bills should encourage 
students tc^ siirvey their home insulation as outlined on this card. Point out to the 
students that attic insulation should have a rating of R-19 (while ceiling and floor 
insulation should have a rating of Ml or This higher rating isan indication 

that the attic and roof of a home arc important sites of heat loss. (Refer to Activity 
Card 5) 

Activity Card 7 — Testing for Good Insulators 

Home insulation can be an important energy saver. But which type of insulator is 
best? This card allows the students to determine the relative qualities of commonly 
used home insulation materials. You might wish to explain to the students that air is 
a very good insulator. Usually, the marc air an insulating fnatcrial can trap, the 
better it is at insulating, (Refer to Activity Card 6) 
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Activity Card 8 - Designing a Turbirie for Efficiency 

Power companies can save energy by generating it as efficiently as they can. The 
most common type of electrical generator is the steam-turbine type. This activity 
card allows the students to constTUCt their own steatn turbines and experience the 
same efficiency problems that plagued the engineers who eventually perfected the 
first turbines. Tell students who elect this activity to be sure a cork or rubber 
stopper io used in the mouth of the can^ not the original screw cap. The stopper will 
act as a safety v live, 
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SECTION III EVALUATION OF PRESENT SOURCES 



FOCUS 

This section begins with a filmstrip entitled Sources of Energy, Part B. The filmstrip 
recaps Sections 1 and II, introduces Section 111, and raises some questions which will he 
discussed in Sections IV and V. 

Also included are three booklet articles designed to enabk the students to 

L learn about our present sources of energy by differentiating between factual 
and opinionated materials, 

2. identify political and economic factors concerning the oil crisis, and 

3. learn how nuclear energy can be converted into electrical energy^ and to 
consider the pros and cons of nuclear power. 



THE MATERIALS PROVIDED 



Student 
Booklet 


Audio^Vliuat Materials 


Econiaiter Aetivitisi 


EKtensian Activltlei 


Quf Rreiant 
Sou real 


Filmstrip 1, Part B 

Sources of Energy 




Activity Cifd 9 
Getting All the 
Oil Out 


The Oil Crisis 


Audio Cassette, 
SIJa A 






The Nuclear 
Controversy 


Overhead Tranipareney 

How Does a Nuclear 
Reactor Work? 







MAKING THE MATERIALS WORK, SUGGESTIONS FOR THE TEACHER 



Filmstrip ^ Sources of Energy, Part B Introduce Section III by showing the filmstrip 
Sources of Energy, Part B, This part of the filmstrip begins by identifying the sun as the 
source of all energy on our planet^ and then it provides information concerning the fossil 
fuels, how they were formed, and how important they are as energy sources today. The 
visual encourages students to realize that we have been expending our reserves of oil and 
natural gas at a very fast rate, despite the fact that these fuels can not be restored by 
nature. (On page 7 of the Student Booklet, The 1973 Ene^y Pie will point out to them 
that 94Vi percent of all the energy sources consunied during that year came fronn oilj 
natural gas, and coal.) As the filmstrip identifies and describes the sources of energy rhat 
we are currently using, students should begin to evaluate the sources on the basis of these 
criteria: environmental impact, existing and developing technologyj extent of supply, and 
costs. 
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Booklet Article - Our Present Sources 



The booklet article Our Present Sources stares with a brief introduction and a chart. Have 
the students read the first paragraph of the article on page 7 and examine the chart 
carefuUy, When they arc finished, you might want the students to rcv^iew the filmstrip 
inforniation by stating how all the sources mentioned, except nuclear, come indirectly 
from the sun's energy (oil, natural gas, coal, and wood from photosynthesis and hydro- 
electric from the evaporation, condensation, and subsequent run-off of water). 

Much information has been and is being disseminated about our present and future 
energy supplies and sources. Because the information is often incomplete or biased, the 
students should learn to be able to determine the validity of such reports. Therefore, the 
information that is presented in the Student Booklet for each of o^r present sources 
except wood-hydroelectricity, coal, natural gas, and oil— is introduced by a typical, 
believable opinion concerning the source. Then the opinion is followed by objective data 
about the source. 

Have the stnjdents finish reading page 7 and then tackle the purposely opinionated state- 
ment concerning hydroeleciricity. When thty have finished, have them answer theques- 
tions, *What point of view is presented?'' '*Whose view is it?" *is it based on enough 
fact?" The answer to the last question will require the students to read the niaterial 
entitled Hydroelectric Power — The Facts. Have them read this material and then answer, 
"Is it based on enough fact?** If the class does not agree, you may wish to allow 
those who say yes to discuss the matter with those who say no. If they feel the facts do 
not support the opinion, you can encourage them to try to determine why the writer of 
the opinion has distorted or ignored the facts. 

Try using this procedure to evaluate the remaining articles. Have the students read the 
opinions, answer the first two questions, read the facts, and answer the third question. 
Once the students have read each set of facts, refer them again to the chart on page 7 and 
ask them how they think the Energy Pie of the future will look. If you wish to extend 
this activity, you can use actual public statements made by reiponsible ipokesmen. Have 
the students bring in newspaper and magazine articles containing viewpoints about our 
energy sources. Before beginning Section V, distribute the articles* Have the itudents read 
and share them to evaluate the various viewpoints. This activity will be helpful in provid- 
ing up-to-date information for use in the Congresiional Hearing activity of Section V. 

Booklet Article — The Oil Crisis 

The oil crisis of 1973-1974 may go into the history hooks as the single episode that woke 
up Americans to the fact that our life-styles cannot continue unchanged forever. We 
abrupriy confronted the reality that we can not continue to expect to get and use so 
much of the world's oiL We Americans have, as a result, become more cnergy-conscious 
today than we have been since World War IL 

The booklet article The Oil Crisi:s provides information for the students that will enable 
them CO understand why the oil issue poses America's most problematical and most 
urgent energy questions. Have the students read the article, share their answers to the 
four questions on page 17, and discuss their answers if any disagreement occurs. 
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Booklet Article — The Nuclear Conttoversy-and-^Overhead Transparent - How Does a 
Nuclear Reactor Work? 

As pointed out in Section II, our demands for dcctrical energy have been skyrocketing. 
Many power -generating plants use oil and other fossil fuels to fire their boilers. The iearch 
for alternate sources of fuel to generate electricity has encouraged many people to ex- 
plore the nuclear option, 

Electric power companies became interested in nuclear power as soon as the achic^^^wnt 
of nuclear fission became known to the public in 1945. Since then a controvf ^ • ±^ 
ms^n as to whether it is truly a goudj safe source of energy. 

It is suggested that you show the overhead tt^ansparency Energy Grows in the S. 
again. Explain to the students that due to contingencies such as the oil crisis and to the 
increasing amounts of energy that we consumie for transportation, our domestic oil sup- 
plies may at any time have to be shifted from the production of electricity to fuel our 
automobiles^ buses, trucks, and airplanes. Because of this, an alternate source or alternate 
sources for the production of electrical energy must be found. Mention to the students 
thatj in the short run, there appear to be two alternatives, coal and nuclear energy. The 
return of coal into the energy race has already been discussed in the booklet article. A 
discussion of how nuclear energy may fare in the race will be covered in the booklet 
article The Nuclear Controversy. 

Have the students open their booklets to The Nuclear Contt'oversy. Let them examine the 
graph on page 18 and answer the questions orally or in their notebooks. 

Questions 1 through 4 give a hint as to the Emr^y Pic* of the future, You might 
wish the students to compare this graph with their own Energy Pie predictions 
in Section II. 

Question 5 can not be answered by examining the graph. Explain to the stu- 
dents that because of the controversy no one really knows exactly how much 
the use of nuclear power will increase by 1985, 

Question 6 asks the students to consider whether the predictions on the graph 
are valid in the light of what they have learned about our present sources of 
energy. 

The information in this article^ too, is introduced by typical statements for and against 
the use of nuclear power. Have the students read them. Explain to the class that before 
they can react to either statement they must know the facts. Have them read What is 
Nuclear Power Today?, Fission, and The Boiling-Water Nuclear Reactor. When they are 
finished, show the overhead transparency entitled How Does a Nuclear Reactor Work? To 
determine whether the students understand what they have read as they appraise the 
visual, ask them the following questions: 

1. Where does the heat energy conie from? 

2. How is heat released from uranium? 

3. What are control rods? 
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4. How do they conorol the reaction? 



5. Can you trace a molecule of water through the diagram of 
the nuclear reactor and explain what happens to it? 

6. Which part of the diagram shows where the electricity 
comes from? 

Next have the students read Our Nuclear Past and The Atomic Energy Act, You may wish 
to point out that in October, 1974, the Atomic Energy Commission was disbanded. The 
President signed a bill which dissolved the United States Atomic Energy Commission and 
turned its functions over tr rwo newly formed agencies, the Energy Research and Devel- 
opment Agency (ERDA) and the Muclear Regulatory Commission (NRC). The NRC is 
responsible for the safety and licensing of nuclear power plants and includes the regula- 
tory machinery of the former AEC, 

The Promise of Nuclear Power is an afticle which shows that the production of nuclear- 
based elecfficity on any large scale is at present still a promise. After twenty-five years 
and billions of dollars for research and development, nuclear power has only recently 
surpassed tlrewood in the sense of the total energy which it supplies annually to the 
United States (about percent in early 1975). In fact, it was after 1971 that the 
amount of electricity produced by all the nuclear power plants exceeded the amount of 
electricity consumed for the enrichment of the uranium which the plants used for fuel! 

The students should now fimfih reading to page 23, When they have finished, have them 
read again the statements on page 1 9 and discuss each now that they know the facts. The 
main point v )u should make is, 'Ms nuclear electric power a worthwhile power source?'' 
There are ot r alternate sources. They are being developed. Answers to questions like, 
**What are thwy?*' ''How do they work?*' and *'When will they be ready?'' will be de- 
veloped in Section IV. 



Activity Card 9 - Getting All the Oil Out 

Movies have made the oil ^'gusher'' a very popular misconception. Although a few 
wells will react this way and require no pumping, most oil wells are such that the oil 
must be forced to the surface. Two of these secondary recovery methods can be 
duplicated by your students if they follow the instructions on this card. 

At one point in the procedure, no fewer than four hands may be needed. It is 
therefore suggested that students who elect to do this activity, do so in pairs. 
Remind the students when they pour the oil down the straw in order to fill the jar 
to the desired level, to remember to take into consideration the oil in the straw so 
that they stop pouring a little before the oil in the jar has reached the desired level. 
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Note £o the reacher 



The culminating activity of this unit is a mock Congressional Hearing at which the 
students assuTiie roles as Congressmen and ^'energy experts,'' It Is recommended that the 
students, especially the ^'energy experts/* obtain as much additional contemporary infor- 
mation as they can regarding potential energy sources. Hand out Worksheet 7> Congres- 
sional Hearings The Energy Crisis. Have the students read it, and then ask for volunteer 
'*energ>^ experts." Role playing can be a very effective teaching technique. Be sure that 
responsible students are assigned as ''experts" and as members of the Congressional 
Coniniittee on Energy Needs, Explain to the ''experts" that, in Section IV the Com- 
mittee and the rest of the House of Representatives (the rest of the class) will receive 
general background information by v^ay of a filmstrip and booklet articles. It vi^ill be their 
job to evaluate and present this information, as well as any supplementary information 
which they obtain. 



EKLC 
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SECTION IV EVALUATION OF NEW SOURCES 



FOCUS 

After the students have learned that fossil fuels are not in infinite supply on our planet 
and that nuclear fission-due to environmental and technological factors-^-will not be a 
cure-ali for our energy problems, it is appropriate for them to investigate QXlnt sources of 
immediate and potential supply. Since they have been primed by receipt of Worksheet 7, 
Congressional Hearings The Energy Crisis at the conclusion of Section HI, they should be 
alert diroughout Section IV to the need for sifting and sorting out all the energy- 
information that they read, see, and hear. Student evaluations should he based on these 
four criteria: the environmental impact of each source, the existing and developing tech- 
nology for each source, the potential supply of each, and the costs. Filinstrip 2, Sources 
of Energy serves as an overview of energy sources available to man in addition to those 
being exploited on a large scale today. These additional sources are also discussed in detail 
in the booklet articles entitled Tapping New Sources and Developing Other Ways. Tap- 
ping New Sources explains how various forms of energy, specificaUy nudear fusion, 
geothermal, wind, waste conversion, and solar energy might be harnc»d and made 
useful. Developing Other Ways discusses the theory and advantages of a hydrogen 
economy and the operation of various kinds of fuel cells. 



THE MATERIALS PROVIDED 



Student 
Booklet 


Audio-Visual MateFiali 


icKimaiter Activities 


EKteniilan ActivHiei 


Tapping New 
SourGei 


Filmstfip 2 




Activity C#)rd 10 


Sources of Energy 




Is Wind ei CSood Source 








of Energy in Yogr Area? 


Developing 


Audio Cassette, 




Aetlvity C#rd 1 1 


Other Ways 


Side B 




TappingiQ^iOth^rmal 








Energy 








ActNtv 0«ird 12 








A Solar^pQW^red Motor 



MAKING THE MATERIALS WORK, SUGGESTIONS FOR THE TEACHiR 



Suggested Inquiry Activity to Inttoduce Section IV Divide the class into groups of four 
or five students. Allow the groups five to ten minutes to appoint a recorder for their 
group, who will list as many sources not all-eady identified in Our Present Sources as his 
group' can think of. At the end of the time limit, have one of the recorders list on the 
chalkboard the alternate sources suggested by his or her group. When that recorder is 
finished, have the other recorders in turn add any other sources that were suggested by 
their groups. 

Next, evaluate the list compiled by the class and eliminate by class consensus those 
sources that most students feel would not be of significant help to counwract an energy 
crisis-such as lightning or hamsters running around in exercise wheels! Onc« the list has 
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been edited, encourage the class to re-group the saurces they have suggested into one or 
more of the following categciricsi 

1. Which sotirces might be used to run automobiles, trucks, 
and airplanes? 

2. Which sources might be used to heat homes and factories? 

3. Which sources might be converted into electricity? 

In all probability, your students vv^ill discover during the course of this brainstorming that 
most of the sources could not easily be used to run automobiles, trucks, and airplanes. 
Explain, then, that conversion problems are a key reason for making wise use of the 
petroleum resources that we still have. 

Tell your students that scientists in our country and in many other countries have been 
going through brainstorming sessions like this for majiy years in order to identify and 
then evaluate alternate energy sources, just as they have done in their own classroom. 
With the students' own effort to identify possible alternate sources still on the chalk- 
board, you should next show Filmstrip 2^ it will name and briefly describe the most 
common alternate sources that have been suggested by contemporary scientists. After 
you show the filmstrip, the students will probably want to compare the list they made 
with information presented in the visuaL Are there major differences to be accounted 
for? Can you or they account for the major differences? 

Filmstrip 2 — Sources of Energy The filmstrip begins by positing a crucial question in 
the energy dilemma today, **What else can be used to produce steam for our power plants 
besides the burning of fossil fuels or the fission of uranium atoms?" The visual then 
defines geothcrmal energy and describes its potential, Next it states that much of what vvc 
regard as ''garbage" is recyclable by conversion into various kinds of fuels. These fuels^ 
processed from waste materials, can be used to heat homes, run factories, and generate 
electricity. Ways for channeling solar energy and tru clear fusion into the production of 
steam-fired electrjcit)^ are also specified, 

*'But who says we must have steam?'' the visual asks max. Answers can also be found, the 
students learn, in exploration of the potentials ot wind, magneto-hydrodynamics—or 
MHD, as it is more often called—solar cells, and Fuel cells, The filmstrip concludes by 
saying, ''Some of these new sources are closer to reality than others. The remaining 
articles in your Resource Booklet will give you mare information about them, autl you 
can evaluate them yourself on practical, economic, and environmental terms/' 

Booklet Articles — Tapping New Sources— and— Develioping Other Ways 

The treatment of each source presented in the Studem Resource Booklet (except MHD, 
which is not detailed further in the booklet than in the second filmstrip) is intended to be 
brief but comprehensive. The students should read md evaluate each source with the 
already-mentioned four criteria in mind; environmental impact, technology, extent of 
supply, and costs to the consumer. They should also concinue to be alert for reports in 
the media concerning breakthroughs in research or changes in federal options to fund the 
development of particular sources. 
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You should feel comfortable in reminding your students often that all energy-source 
evaluations ^hat they make and all energy-decisions that they would like to see imple'^ 
mented in order to solve our present energy crisis should be tempered by awareness that 
as a society we must: (a) devise ways to counteract our present emergency situation and 
stiil (b) keep our own bfst long-range interests in mind. Supplemental information for the 
teacher— interesting, amusing, sometimes shocking facts and figures that you can inter- 
sperse in class discussions-^are provided for you at the end of this Section. 

Activity Card 10 — Is Wind a Good Source of Energy in Your Area? 

In some areas, wind-powered electrical generators may be feasible for supplementing 
conventional power -generating stations. They can and do^ for example, supply cost- 
free electricity to persons living in remote regions. This card will encourage the 
student to determine whether his immediate locale— or one that he would like to 
visit and inonitor^would be appropriate for setting up a windmilL Mention to any 
student who elects to perform this activity that local weather stations may supply 
helpful information. 

Activity Card 11 — Tapping Geothermal Energy 

Tapping heat from within the Earth is an exciting thought. The activity oudined on 
this card is a graphic demonstration of the principles by which geothermal energy 
can be harnessed. One caution, however; driving the glass tubes through the stop- 
pers can be a tricky operation. It is suggested that the tubes be lubricated with 
glycerin and that this feat be accomplished by (or assisted by) one who is aware of 
die need for caution. 

Activity Card 12 — A Solar-powered Motor 

Solar power is now providing energy for most of our man-made satellites and space 
probes. As an energy source it is much-heralded for its potential to heat homes and 
to generate electricity. This activity outlines for students a procedure whereby light 
energy can be converted into electrical energy, It also demonstrates the inverse 
square law as applicable to Hght waves; i.e.j that as a light source moves away, its 
illumination diminishes at a ratio of the distance squared. A student who elects to 
do this activity might like to record the number of sunny days in an area during one 
month, and then determine the extent to which solar power could practically supply 
or supplement electricity there. 
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ENERGY FACTS AND ANALOGIES 



Informative miscellany concerning both present and potential energy sources is categor- 
ized for your use below in alphabetical order, 

DID YOU KNOW THAT . . ♦ , 

^ ycHir bwdy right now is giving off one hundred watts of heat, 

# the United States uses TWICE as much energy as all of Africa, the rest of North America, South 
America* and Continental Asia, 

# the number of cars in the world today is estirTiated to double by the year 1985, The annual 
operation of automobilds in the world today consumes 6 percent of the world's energy. 

0 if per capita energy use in the United States were reduced to be equal to the per capita consump- 
tion of France, then everyone else in the world would have potentially one-fourth more energy at their 
dispo^ah 

# 200 milium Anierieans use more electricity for air conditioning than 800 million Chinese use for 
everything. 

% most modern architeeture is energy wastefuh high electric lighting levelsj poor insulation, uni- 
versal air conditioning, electric heating, excessive volume, and insufficient use of solar heat and light, 

# more energy is consumed in the process of canning vegetables than the food value of the vegetables 
themselves. 



ELECTRICAL ENERGY 



Each modern 1,000 megawatt power plant 
measures about 1,000 feet on each side. If our 
power needs continue to grow, in fewer than two 
centuries all the land space in the United Stiites 
could be taken up by such plants. 



K^ch mile of rransmissicm hnes requires 
100 acres of land. 



Por eiich unit of heat put into a house 
through electric space heating, two units of waste 
heat go into the environment at the site of the 
power plant. 



A ton of steel, processed from ore, con^ 
sunies 2,700 kilowatt-hours of energy, while steel 
that is reclaimed and reprocessed in an electric 
furnace requires onl>' 700 kilowatt-hours per ton. 



Electric industries estimate that they will 
need to use half of the annual energy production 
of the United States in the year 2,000. This 
could niean that two- thirds of the water funoff 
tin our continent wo u Id be n e ede d t o a bsc i r b and 
cool the waste heat. 



A ton of aluniinuni. extruded trom ore, rc^ 
qu ires 17, 000 kWo wa 1 1- h n u rs, 



One automobile traveling at 50 mph eon- 
sunies in one hour as much energy as 3,000,000 
electric tciothhrushes consume in one entire year. 




In 70 in HM vcus. It is rsnm iffMl, ihf rrcMl 
lt.;Ulil Ihjiihis .in<l h.'tm.t! will Im. yniu' . 

nil '-.liiiU's t'lUilil su pplcntiM){ I'nnv ('nhnnal jv iin 
k-iim Uu-h ,iiH| cxtc ful tlu' tun*' \^^ MHi 

<:o;il, it' as ihr pnm i|)?i ciirr^fy siuiti-f 
Ai cxpccicti ifUTcascd <lcni;itul'.. \^i?ul'l list 'tnly 
t\vi» or three eeiimnt's. 

Otily in i«> ,^5 perictu n! ihc (ul Hi .lu .lier^ 
rt>»crv<>ir is iu>w rtHfivcrcii, tonipiircd lo HO 
jKreenf (V>r gas .iiul surface ininril enal, iuul 5 5 
peri vnt tur sultsvirf ;iee inni?'?! i Ji.il 

Natural gas ^ rvides i/nu tliud i)l United 
SuucN energy aiiil i - ir si^cih largest industr)'. 

Miyli grade nil sliale ( H) in pereent 
livdrdearhon l>y weiglit ) is nt teti inuler fiuMilreds 
(if iVet of overlnirden wldeh must tirsi lie re^ 
nioved. 

laqiild Natural (las (LN(i) is traiispiHted 
by speeial tankers, eaeli earrying I ^ S ,Oi)t) eubie 
meters. If sueh a tanker etdlKletl witli anntlit'r 
vessel or enet)untereti a fiard grounding, a eloud 
t <jf asphvMatnig giis etjuld extend SMiH) nieters 

downwintl in 20 niinuies. If ignited, the gas 
would release heat=energy ecjuivalent l(» 55 
atoiiiie hond}s! 

ilYDKOKLKCTHU: ! NKHfiV 

In theorw hydroeleetrie sourees eould i>e 
tupped to siippiy ten tiiiies the present t(Uah It! 
pniciicality, this will proi)ably not happen he- 
wausc silt, aeeunuilating t)ehind the dams, eould 
niake some reservoirs useless, Alsn, land use eon 
fliets (on politieal, eeonomie, and ceoiogieal 
issues) often delay or prevent hydroeleetrie de = 
vclopmcnt. 

MUNICIPAL WASTKS 

Most nuitueipal solid wastes ean he pro- 
eessed to supply an etiergy value of S.OOU 
B.T.U/s per pound, whieh is approximately one- 
third the energy value of eoal, 
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NllCiJ AH I NI HtiY 

A l.tUlO megawatt tiuelear plaiil dist haiges 

-U li MM » nU iih M I il. I I \ N ps i Si. I t Mill ii ! iiit 1 < >i i M 

wasfr lif .U 1 he, aimnitH ni uasfe heat tonld 
•aqiph (!m hi aiin^', in t ds ol nvt i U)0,0()(J Imiom . 
diuinft thi- uinter 

i fu' amonnt «d <'iier|n ih.U ran hf drnscil 
ltr»Mi rhr ;Htinti('{ nl ilrij t**f niin m ^i) euhit |:ih»- 
nieieis m1 si i\^aU:r is ahtiur e>jual to the f .ir ill's 
ini'L*i « iu'f)?\ supply id tossil fuels. 

Pluttuiium (useti in fast hreetler reai' 

tors) is ver>- toxie. A dose lethal to everyone oi] 
f arth rn\dil fit iii a e«>ntainer tin- si^*- *d an 

orange, 

Some radiiKu.'tive wasti^*. (rntn luulear 
pfjvvtT svil! reiTjain rndioaetive tor 100 inillum 
years helore tlu s Ins*,- dieir pcHefiey, 

Nuclear reaetors ean he fueled hy Karth's 
supply (d uraniiini rin ly for I lie next I (Ml years 
befnre the supply runs cult. 

A few kilograms t)f uranium 233, pluio 
muni 2Jy, or eniuhed uranium 235 ean he niailc 
mtci a erude l)Ut eonvineing tuielear weapon hy a 
phvsicist, a_ 'mII group cd teUinuians, and a 
welheiju ippeu ^MOp m less than a s'ear. 



SOLAR LNKH(;V 

The sun supplies ah out 1000 watts ot 
energy to eaeh stjuare meter of Larth every(iay, 

Phnfoihermal etmversioti requires less land 
thrm strip MUning ot eouL 

Use a\ sfilar energy eould serve to deeen- 
rnili^re a populafion (make it less urhani/.eii) arui 
inerease its self-suffieieney, 

Use of solar energy eould serve to limit the 
amount of ceo logical niisehief man eould do m 
using e»r tapping other sourecs. 



SECTION V PROVIDING FOR THE ^UTURE 



FOCUS 

I he tin.il scnioti i>\ this uiur prnvid^ ^ votir smilcius vvilli ihr opjH)! tiiniti^ It) \\\ai v \\\v 
( I Mliiut inns ihc)' have ni;ulr (>( ill the rncr^^v sriiirrcs that arc presently or potcnriallv 
usctul in (iii/riis (il tl)r Uniicd Sfatcs. Sriulcnts sluHiUI he encouraged iodclinc tlu'ir 
npfions c;ui hiily. with (hie eonsiileranon ffiven to phmniiig both lor shott fcfn! and 
iofiy irrni \wvi\s, Rnjc^-plavinp as part ieipaiit s ifi a niork <!<)n({ressuMiiil Hearing will iiwolve 
I he students ni approvitig or reject iiig a t ivc-step program ot '['asks nsicnsibly developed 
l>y rhe Presitlciit of the United States and his advisors. Be sure tlie students utidcrstand 
that the five step prograin, as outlinet! fur you l)c!()W, eniphasi/es ways to counteraci a 
crisis situation and, as such, does mn outline steps for meeting /f;/^ /(^r/// needs. 

He sure tluu your students also undersrand that defining any sequence ot Ta«*k8, or energy 
priorities, luust be an on-going activity, receptive to new infurniatiun. At the time of this 
^.vriting, for exaiuple, taKation on iniportcii oil has just been increased, and one of several 
bills designed to linnt the envirorunental harm <if strip-mining has just beeit defeated in 

Congress, 

1'ask 1, Conserve energy by retlucing use, and conserve energy resources by increasing 
the el ricicncy n\ conversion processes. 

Task 1, incrciise this coun!Ty*s proiluction of oil ami natural gas as rapidly as possible. 

lask 3. Increase the use of coab first ro add to and later to replace the use of oil and 
riatural gas. 

rask 4. I'lxpand the production of nuclear energy as rapidly as possible, first to add to 
anil later to replace fossil fuel energy, 

lask 5. I*roinote, as much as possible, the use of renewable energy sources (hydro, 
geo thermal, solar) anti pursue the promise of fusion and central .station solar 
power. 

THE MATERIALS PROVIDED 



Student 
Booklet 


Audio^Vimial MBteriais 


Ecomnster Aetivltiei 


Exteniion Activities 






Workiheat 7 

Congressional Hearing: 
The Energy Crisis 

Worksheet 8 

Providing for the Future 
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MAKING THE MATERIALS WORK, SUGGESTIONS FOR THE TEACHER 



III role pliiyin^,, ;i stinhMU rati innrc liilly fnrnuilatc his own attitvuics and ideas by gaining 
insight mio the ;ittifudc<^ md ideas ui" ulht:r people. Wlien casting rhe roles for Worksheet 
7, yon nnght lind iheM %uj/geslions hclptul; 

# Speaker of tlic Iloiise The teaeher could l)e c; ^ in tliis part. You, therefore, 
will l)e the one to eall the sessiun W orders iii;>lruct the Congress as Lu their 
ohjeetives, control any discussions which oeeur, and maintain sonic scmhhuice 
of p arliamentary procedure. 

m Committee Members and Energy Experts I he teaclicr should see that care is 
taken in making suitable assignments in these roles. The roles are critical, and it 
is suggested that you select students you feel will be best suited to them* 

m Congressmen Students who prefer to be onlookers during die mock hearing 
can l)e the representatives. Instruct them to Usten carefully, since they will be 
expected to vote at the end of the hearing. 

In order to create an atmosphere for ihe hearing, you might want to try this seating 
arrangement. I'hc members of the Congressional Committee should be seated in the front 
of the room with their desks turned to face the class. The energy **experts*' should be 
seated in the rear of the room and called forward by the Speaker as they are needed, You 
may v/ish to invite another class to join yours^ in order to add to the si/e of the audience. 

In order to give the entire exercise more directionj it is suggested that each role-playing 
mrmlier of the class be briefed concerning his goals. His vested interests should be 
foresnost in his mind as he plans his own proposals and when he votes. Some vested 
iNtarcstJ are identified below ; these suggestions may stimulate other ideas. 



ROLE 

Committee Member 1 

Committee Member 2 

Committee Member 3 
Committee Member 4 

Gonimittee Member 5 



o m 
ERLC 



Represents an oil producing state. Contributions from this 
industry put him into office. He does not want to raise cor- 
porate taxes. 

Represents an industrial state. He endorses economic growth 
and the creation of jobs for his constituents. He also does not 
wish to raise income or sales taxes. 

An environmentalist at heart. He represents a state with a 
large resort business and many parks. 

Represents a state comprised largely of desolate desert-type 
terrain. He would like to see his state's population and econ- 
omy grovv^. 

Represents a state with large urban areas and large energy 
demands, but little available land. He is concerned about the 
high cost of energy and high income and sales taxes. 
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Some key points which the Energy Experts nught want to make during their testimony 
arc theiiC: 



m EMicicncy Experts (two) Discuss voluntary versus mandatory conservation of 
energy. Explain how some large modern offices and factories are eu' n^y 
wasters. Stress the need for more mass transit and incentives to encourage 
car-pooling. These two experts should also support examination of methods to 
increase the efficiency of our technology, especially in electrical generating 
plants. 
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Oil Experts (two) Emphasize the conservation of oil and gas resources. De- 
scribe how oil is used for products other than fuel. These two experts should 
delineate the extent of our present supplies and predict the long-term prospects 
for oil and gas. *'Can America become totally independent of foreign oil before 
other countries use our dependence for blackmair?" should be their key ques- 
tion. 

Coal Experts (two) Stress the vastness of the United States' reserves. 
Acknowledge the ecological hazards of strip-mining, but affirm how these haz- 
ards can be avoided. Explain the differences between high-pade and low-grade 
coal, how air pollution has occurred, and how improved technology can eradi- 
cate air pollution problems. These two experts should also discuss the process- 
ing of our coal reserves into synthetic gas-like and oiHike fuels such as Hygas, 
Bygasj and Synthane. 

Nuclear Experts (two) Stress the availability of fuels for both fission and 
fusion reactors. Mention the potential hazards of transporting radioactive fuels 
and the problems of leakage or possible theft of fuels, but also emphasize that 
nuclear energy could potentially be inexpensive to the consumer, compared to 
other energy sources. Estimate when fusion reactors will be ready and how 
much their development would cost. 

# Solar Energy Expert (one) Stress the cleanliness, availabiUtyp and efficiency of 
ALL solar-related energy sources. Provide additional information on various 
projects and methods being developed to harvest and use solar energy. This 
expert should also give cost estimates concerning large scale operations and give 
practical target dates for consumer use. 

# Geologist (one) Explain in detail the techniques used to locate and tap geo- 
thermal energy. Explain the risk of causing earthquakes by pumping large 
amounts of water underground, Name locales where this energy is most feasi- 
ble. 

# Meteorologist (one) Explain some aspects of efficient windmill design and 
identify some areas where wind-generated electricity could be used to supple- 
ment or even replace conventional fossil fuel plants. 

Allow each of the energy * 'experts** about three minutes to present their materials to the 
Committee. Then allow three minutes for questions from the Committee. When all the 
**experts'' have testified, insttuct the Committee either to approve the President*s plan as 



30 



27 



presented, or to build in amcnciments or revisions to the five=step program. The Com- 
mittee should rhen present its decisions to the rest of the House for final acceptance or 
rejection. 



Worksheet B - Hroviding for the Future 

It may be convenient for the Committee 
members and other congressmen to have 
copies of VVorkshect H in front of rhem to 
fill in as the ^'experts" testify. This work- 
sheet would then serve as a guide to which 
the congressmen and Committee members 



can refer before they vote. Worksheet B 
can also be used as a honiework assign= 
rnent for each nicmber of the class. In this 
way they will be able to see our energy 
future in terms of their own efforts and 
activities in this unit. 



KIT INVENTORY FOR THE ENERGY CHALLENGE 

1 Teacher's Guide 

30 Student Resource Booklets 
10 Ecomasters (8 Activities and 
the 2=page Unit Test) 
4 Overhead Transparencies 
1 2 Activity Cards 

2 Filmstrips 

1 Audio Cassette (recorded on 
Side A and Side R) 
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